Introduction {#sec1-1}
============

Renal replacement therapy (RRT) of choice for patients with end-stage renal disease (ESRD) is renal transplantation as it gives better survival, quality of life, and cost effectiveness.\[[@ref1]--[@ref5]\] Although renal transplantation confers a robust survival advantage over dialysis treatment for patients with ESRD, the survival of transplant recipients is significantly lower than age-matched controls in the general population. The relatively higher mortality in renal transplant recipients is related to co-morbid medical illnesses, pretransplant dialysis treatment, and factors uniquely related to transplantation, including immunosuppression and other drug effects. Death with graft function (DWGF) has been reported in 9% to 30% of patients, thus accounting for a substantial fraction of graft loss.\[[@ref6]--[@ref9]\] Infection was the leading cause of death in renal transplant recipients between 1970s to mid-1980s.\[[@ref10]--[@ref15]\] However, since then there has been change in the practice pattern with newer immunosuppressive protocols, improved surgical techniques and transplantation in older and sicker patients.\[[@ref16][@ref17]\] Thus, the risks and determinants of mortality in the renal transplant recipients need to be reassessed. There is limited data from India regarding mortality in adult population of renal allograft recipients. The aim of this study was to analyze the trends of mortality in renal allograft recipients observed at our centre.

Materials and Methods {#sec1-2}
=====================

We retrospectively analyzed data from all patients followed-up at our center who were transplanted between October 1988 and June 2010. Patients were considered to have died with the graft function if death was not preceded by return to dialysis or re-transplantation. Statistical analysis was done using Sigmastat 3.5 software. *P value* of \<0.05 was taken as the point of significance.

Results {#sec1-3}
=======

The study included 98 living donor renal allograft recipients (male : female -- 7.99 : 1). The mean recipient and donor ages were 35.06±11.84 (range: 15--69) years, and 41.17±10.44 (range: 22--60) years, respectively. Basic kidney diseases were chronic glomerulonephritis (60.20%), chronic tubulointerstitial nephritis (15.31%), diabetic nephropathy (8.16%), autosomal dominant polycystic kidney disease (2.04%), and others (14.29%). The patients were followed for a mean 79.91±60.05 patient-months and their demographic profile is given in [Table 1](#T1){ref-type="table"}.

###### 

Demographic profile of transplant recipients (*n* = 98)
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Mortality occurred in 25 (25.51%) patients (M: F -- 4: 1). Causes of death were sepsis/infection (36%), coronary artery disease (CAD) (28%), cerebrovascular accident (CVA) (8%), failed graft (4%) and the rest unknown (24%). The infections leading to death were bacterial pneumonia (*n*=3), bacterial urinary tract infection (*n*=1), tuberculosis (*n*=2), systemic candidiasis (*n*=1), and sepsis with unknown primary site of infection (*n*=2). All seven patients who died of CAD had clinical and ECG evidence of acute coronary syndrome. Cardiovascular diseases (CVD ie, CAD and CVA combined) and sepsis/infection accounted for 44.44% and 33.33% of deaths in the first year. Sepsis/infection continued to be the major cause of death (66.67%) 1 to 5 years post-transplant. CAD was the predominant cause of death in 5 to 10 years post-transplant (66.67%). All deaths due to sepsis/infection occurred within 5 years of post-transplant whereas more than half of deaths due to CAD occurred after 5 years of transplantation. Patient survival by Kaplan--Meier analysis \[[Figure 1](#F1){ref-type="fig"}\] was 90.8% at 1 year, 80.2% at 5 years, 65.6% at 10 years, and 59.1% at 15 years with mean survival time of 12.5±0.59 years. Recipient age strongly predicted the chance of survival when multivariate logistic regression analysis was done taking duration of pretransplant dialysis, recipient age, donor age, and post-transplantation follow-up period.

![Kaplan--Meier survival analysis](IJN-22-264-g002){#F1}

Demographic and clinical parameters comparing those who died with those still alive are given in Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}, respectively. A number of factors were identified as predisposing to death when the group with mortality was compared to those still alive. These were recipient age (median 40 years *vs* 31 years, *P*=0.007), pretransplantation hypertension (HTN) (100% *vs* 65.75%, *P*\<0.001), post-transplant infection (76% *vs* 42.47%, *P*=0.005), coronary artery disease (28% *vs* 1.37%, *P*\<0.001) and level of the graft function as judged by serum creatinine at last follow-up (median 2.3 mg/dL *vs* 1.56 mg/dL, *P*=0.003). Recipient\'s gender, pretransplant dialysis duration, basic kidney disease, immunosuppression regime, number of acute rejection episodes, presence of chronic allograft nephropathy and donor age, gender and relation to the recipient, were not significantly different between the two groups. Most patients were on triple immunosuppressive regimen consisting of cyclosporine, azathioprine, and prednisolone \[[Table 3](#T3){ref-type="table"}\].

###### 

Comparative demographic profiles of two groups (Group I versus Group II^\*^)
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###### 

Clinical parameters of two groups
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The graft function was good (S.Cr ≤ 1.5 mg/dL) in 7(28%) cases at the time of death. Serum creatinine range was \>1.5 to ≤ 3 mg/dL in 40% cases and ≥3mg/dL in 32% cases at the time of death. Thus, majority (68%) of patients had relatively good graft function (S.Cr.\<3) at the time of death while only three (12%) patients were dialysis dependent. Among those still alive (*n*=73) three patients are currently dialysis dependent. Thus, DWGF (*n*=22) was 88% of total death (*n*=25) and contributed to 78.57% of total graft loss (*n*=28). Causes of DWGF were sepsis/infection (40.91%), CVD (36.36%), and unknown (22.73%). Among patients with DWGF, those died within 1 year were compared to those died \>1 year post-transplantation. Although recipient\'s age was significantly different (34.86±8.47 *vs* 44.93±10.17 years, *P*=0.034) their gender, cause of ESRD, post-transplant complications such as acute rejection, infection, NODM, and causes of death were not different.

Discussion {#sec1-4}
==========

In early 1980s, graft rejection and infection were the major challenges in transplant patients.\[[@ref10]--[@ref15]\] However, episodes of rejection decreased with the use of newer immunosupressive agents and balanced immunosupressive protocols. There have been tremendous advances in general medical management both before and after renal transplantation over the past decades.\[[@ref5][@ref18]\] As a result, both patient and graft survival have improved.\[[@ref18]\] The greatest decrement in both mortality and graft failure occurred after 1985, corresponding to the widespread adoption of cyclosporine therapy. As the patient survival improved, the trends in mortality have changed with cardiovascular causes being more common than infections especially in western countries.\[[@ref19]--[@ref22]\] Future risk of mortality from CVD has been reported to be most pronounced in diabetics in whom the adjusted CVD death rate was two-fold higher than any other groups.\[[@ref23][@ref24]\]

As infectious diseases are high in our country similar to other developing countries, we analyzed our records to see the trends of mortality in our transplant recipients. We found equal (36%) prevalence of infection and cardiovascular disease in our patients. High prevalence of death due to cardiovascular disease (coronary artery disease: 28% and cerebrovascular disease: 8%) in our population was seen despite the fact that none had clinically evident ischemic heart disease before transplantation and most transplant recipients had basic disease of CGN and not diabetic nephropathy in contrast to the western literature. Sepsis was reported as a major cause of patient death in pediatric renal transplant recipients from our country.\[[@ref25]\] This is in line with the rarity of cardiovascular disease in pediatric transplant population. In a study from the United States, cardiovascular disease was the most common cause of mortality (36.1%) followed by infections/sepsis (17.6%).\[[@ref23]\] Another study reported cardiovascular disease and infections as major causes of death (31.4% and 31.1%, respectively in 1970s whereas 51.1% and 21.6%, respectively in 1980s).\[[@ref24]\] Thus, the incidence of cardiovascular events causing mortality in our patient population was similar to other western studies. However, infections especially bacterial sepsis and systemic fungal infection were still major causes of mortality in renal transplant recipients in our country. Overall survival of renal transplant recipients in our study was comparable to other studies from India.\[[@ref26]\]

Death with functioning graft was seen in 88% of our patients as compared to only 9% to 38% as reported by others.\[[@ref6]--[@ref9][@ref18][@ref23][@ref27]\] Ojo *et al*. studied 86 502 renal transplant recipients more than 18 years old who were transplanted between 1988 and 1997.\[[@ref18]\] Out of 18 482 deaths in their study 38% (*n*=7040) were DWGF which also accounted for 42.5% of graft loss. The adjusted rate of DWGF was 4.6, 0.8, 2.2, and 1.4 deaths per 1000 person-years for cardiovascular disease, stroke, infections, and malignancy, respectively. However, the risk of DWGF decreased by 67% (RR=0.33, *P*\<0.001) between 1988 and 1997. Recently Kahwaji *et al*. studied cause of DWGF among renal transplant recipients in an integrated healthcare system and found a low rate of DWGF because of CVD (24%) as compared to that found by Ojo *et al*. (36%), while the DWGF due to infection (16%) and malignancy (12%) remained almost similar in both studies.\[[@ref18][@ref27]\] Kahwaji *et al*. postulated that the low rate of DWGF due to CVD could be due to better coordinated care within an integrated healthcare system.\[[@ref27]\] Overall, lower hemoglobin, uncontrolled blood pressure, and lower albumin levels were associated with DWGF.\[[@ref27]\] CVD has been reported to be the most common cause of DWGF ranging from 36% to 55%.\[[@ref18][@ref27]--[@ref30]\] Risk factors for DWGF and CVD in renal allograft recipients were found to be new-onset-diabetes after transplant, hypertension, hyperlipidemia, anemia, hypoalbuminemia, tobacco use, obesity, lack of exercise, and immunosuppressive agents.\[[@ref18][@ref27]--[@ref30]\] We found very high rate of infection (40.91%) and CVD (36.36%) as causes of DWGF. Moreover, out of 22.73% of DWGF where cause was not known, most deaths occurred in home and a cardiac cause could not be ruled out. The high incidence of DWGF in our study may be due to poor hygiene, ignorance, and late arrival of patients to hospital with bacterial infection and sepsis as well as lesser attention to reduce cardiovascular risk factors leading to high incidence of fatal cardiovascular events. During the study period, we did not have facility for coronary angiography and intervention in our centre. However, patients who died of acute coronary syndrome presented quite late in the natural history of their myocardial infarction (MI) precluding any coronary artery interventions even if we had those facilities. They all had very bad cardiac prognosis in view of massive MI and cardiogenic shock at presentation. This is a major obstacle in caring for transplant recipients, a substantial proportion of whom develop and eventually die of cardiovascular disease. Therefore, good transplantation practice asks for a good cardiology team incorporated in the transplantation program.

Conclusion {#sec1-5}
==========

Though patient survival was good (mean 12.5±0.59 years) DWGF was very high (88%) in our renal transplant recipients. CVD was a major cause of mortality in both the early (first year) and late (\>5 years) post-transplant periods. High prevalence of CVD in transplant recipients of even nondiabetic population without clinically evident pretransplant ischemic heart disease calls for an urgent attention to prevention of CVD in all recipients. Attention to cardiovascular risk factors along with prevention and prompt treatment of infection would offer the greatest potential to improve the chance of living longer with functioning graft.
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